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结构有重要作用。当作为锂离子电池负极材料时，3D CuO 介观晶体相比于 CuO
纳米片和 CuO 纳米棒表现出优异循环性能，在 0.1 C 电流密度下，经过 500 次
循环其放电比容量为 350 mAh g-1，而 CuO 纳米片和 CuO 纳米棒分别为 170 mAh 
g
-1和 130 mAh g-1。通过电化学阻抗谱仔细分析不同形貌电极材料在循环过程中
的表面电阻发现，3D CuO 介观晶体电极材料优异的循环性能可以归功于其能够

























磷酸铁锂介观晶体，显示出优良的循环和倍率性能，在电流密度为 5 C 的条件下，



























Mesocrystals are a promising class of hierarchically nanostructured solid 
materials that coincidently have many inherent traits that are desired for Li-ion 
battery electrodes. Such characteristics include: large surface area, high porosity, 
small primary subunit size, large overall assembly size, and high degree of 
crystallinity. Mesocrystal growth often proceeds via the aggregation of precursor 
units, more specifically as homoepitaxial aggregation of primary units, rather than by 
classical ion-by-ion growth mechanism. This non-classical growth process can be 
attributed with the generation of crystal with hierarchical structures and complex 
morphologies. In terms of battery performance, the uniform pore structure inherent to 
mesocrystals can facilitate contact with the electrolyte thereby leading to fast Li+ 
transport mechanics while at the same time accommodating lithiation induced volume 
expansion and particle strain giving way to improved cycling stability. The oriented 
arrangement of nanoparticle subunits can eliminate the grain boundaries between 
adjacent particles thus offering much better charge and mass transport, and ultimately 
better rate capability. Provided this unique combination of nanoparticle properties and 
order combined with a microscopic or even macroscopic size, mesocrystals have 
strong potential as active materials for Li-ion battery electrodes. In this paper, we 
systematically study the effect of ILs on the formation of inorganic nanomaterials. 
The purposes are to develop functional mesocrystals using ionic liquids and explore 
the structure-performance relationship of mesocrystalline electrodes for Li-ion battery. 
The main points can be summarized as follows: 
1. 3D hierarchical CuO mesocrystals have been successfully fabricated through a 
facile ionic liquid-assisted hydrothermal route. The obtained mesocrystals are 
comprised of highly oriented nanosheet and nanorod subunits and possess a distinct 
3D hierarchical superstructure exposed {001} crystal planes. The experimental 
evidence from time-dependent characterization and isolation of various mesocrystal 
intermediates suggests that the 3D hierarchical CuO mesocrystals are formed by 

















undergoing a mesoscale transformation from amorphous particles to primary 
nanosheets, and finally to the 3D framework structure composed of nanosheet and 
nanorod subunits by oriented attachment. Ionic liquid plays an essential role in the 
non-classical particle mediated aggregation by promoting the primary particles 
self-assemble along the [010] direction. Due to the inherent porosity associated with 
well-defined nanoparticle orientation, 3D hierarchical CuO mesocrystals exhibit 
excellent cycling performance as anode for Li-ion battery over the constituent 
counterparts, attaining a reversible capacity of 525.2 mAh g
-1
 after 500 cycles at a 
current density of 67 mA g
-1
. The superior cycling performance of CuO mesocrystal 
can be attributed its highly ordered micro-/nano-structure, which favors the formation 
of stable SEI film during the cycling process. By employing a modified two-parallel 
diffusion path model, EIS measurements demonstrates the formation of SEI film is 
greatly influenced by the electrode morphology during cycling. For 3D hierarchical 
CuO mesocrystals, the value of RSEI remains almost changeless after 10 cycles, 
indicating an integrated and stable SEI film formed on the surface of hierarchical 
CuO mesocrystals. For the CuO nanosheets and CuO nanorods, the RSEI value 
increases rapidly with prolong cycles. The 3D hierarchial CuO mesocrystals 
developed in the current work not only provide an excellent model to study the 3D 
self-organization of two types of primary particles, but also open up a facile route for 
designing mesocrystal-based electrodes for long life Li-ion batteries. 
2. h-WO3 mesocrystals have been successfully prepared by an ionic liquid-assisted 
hydrothermal route, and systematically studied the electrochemical performance as 
anode materials for lithium-ion batteries. It was demonstrated that the as-prepared 
h-WO3 biconical mesocrystalline electrodes exhibited improved performance 
compared to the rodlike single-crystalline electrode and spherical polycrystalline 
electrode, which could be largely attributed to the intrinsic mesocrystal nature: 
inherent and uniform porosity associated with well-defined nanoparticle orientation. 
We believe this study about the correlation between the electrochemical activity and 
their morphologies and crystal forms will contribute to rational design of 
mesocrystalline electrodes with high efficiency. 

















conversion of ferric giniite using ionic liquid PYR14TFSI as carbon and nitrogen 
source, and then systematically studied the electrochemical performance as cathode 
materials for lithium-ion batteries. It was demonstrated that C,N-LiFePO4 
mesocrystals exhibited excellent cycling performance and rate capability over the 
constituent counterparts, attaining a reversible capacity of 107 mAh g
-1
 after 100 
cycles at a current density of 5 C. The superior cycling performance and rate 
capability of C,N-LiFePO4 mesocrystals can be attributed its highly ordered 
micro-/nano-structure with coating carbon and nitr0gen, which can improve the 
electronic and ion conductivity of LiFePO4. 
In summary, we presented mesocrystalline electrodes for Li-ion battery in this 
dissertation. It has been proved that the ionic liquid possessing the extraordinary 
potential is favorable for the fabrication of nanomaterials with novel morphologies 
and improved properties. We believe the understanding that we develop of effect 
model of ILs on the formation of functional mesocrystals. Furthermore, we highly 
expect these findings are helpful to understand and design hierarchical mesocrystals 
with distinct structural and geometrical features by the assistance of ionic liquids, 
thus open up a facile route for maximizing electrochemical activity through 
morphological control of electrode materials. 
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G   
其中 V 为所形成的晶核的体积，r 为所形成晶核的半径，kB为玻尔兹曼常数，S
为体系的过饱和度，γ为球形晶核的表面自由能。由上式可以看出，当 S > l 时，











和度 S 一定的溶液来说，当其晶核半径 r > r*时，颗粒能够继续生长，而当其晶





































Figure 1.1 Plot of atomic concentration against time, illustrating the generation of atoms, 






































图 1.2 晶体生长理论模型示意图：(a) 经典生长模式；(b) 取向粘连机制模式；(c) 存在高分
子聚合物保护作用时，介观晶体形成模式。 
Figure 1.2 Schematic representation of classical and non-classical crystallization. (a) Classical 
crystallization pathway, (b) oriented attachment of primary nanoparticles forming an iso-oriented 































图1.3 (a) 由单TiO2颗粒连接而成链状锐钛矿TiO2的TEM图；(b) TiO2颗粒连接处的HRTEM
图，显示出单晶特性。 
Figure 1.3 (a) TEM micrograph of hydrothermally coarsened anatase particles forming a 
chain-like nanostructure, (b) HRTEM of a part of such an assembly proving the single crystalline 
nature. 
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